A vertically stable, step-like thermohaline structure is observed throughout a continuous, 400 m conductivity-temperature-depth (CTD) profile taken near the Erebus Glarer Tongue, McMurdo Sound, Antarctica. The pattern is best developed between the sea surface and 250 m depth, the interval corresponding to that of the irregular underwater profile of the Glacier Tongue. The steps average 17 m in thickness and typically display discontinuities of 0.1 øC in temperature, 0.04 %o in salinity and 3.5 x 10 -4 g cm -3 in density. The observations are compared with theory and laboratory experiments of cell development and lateral flow near ice melting into vertically stratified salt water. At this location, subsurface seawater is inferred to remain above the in situ freezing point year-round, and contains sufficient heat to account for much of the Glacier Tongue thinning by basal melting. An adequate volume of meltwater would result to produce the measured salinity steps. We discuss related observations and some implications of this process for ocean circulation and biological productivity in the Antarctic. identified on nearby station 218, but the relative importance of spatial versus temporal changes could not be determined, as these stations were taken on an opportunity basis. The CTD records are relatively noisy, possibly due to system response time and slow sensor descent rate. The differing descent and ascent profiles, and turbulence near the large local gradients also suggest actively evolving, not remnant features.
quently recorded thermohaline staircases of varying dimensions at intermediate depths. Some were of the variety generafly ascribed to double-diffusive processes, e.g., cold fresh over warm salty water beneath the Antarctic Surface Water temperature minimum, or warm salty over cold fresh water below the Circumpolar Deep Water that intrudes onto the continental shelf. At other times, steps were barely discernible, or not much greater than the resolution of the instrumentation then being used. Station 217 is unlike any of the above, but graphically displays a statically stable configuration of relatively warm fresh over cold salty water. This is analogous to the homogeneous summer surface layer that overlies the temperature minimum (steps also occur at that transition), but here the stairs are more uniform and descend to greater depths.
The step structure observed here differs in an important respect from that reported, e.g., by Neal et al. [1969] , under a drifting ice island in the Arctic. In that case the steps were formed by the one-dimensional process of cooling from Paper number 1C0546. above, which produces a statically unstable temperature profile. In our situation the cooling is from the side and produces steps even though both temperature and salinity profiles are statically stable. 
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Recently there has been a series of investigations of the fluid dynamics of ice walls melting into surrounding water.
One set of investigations [Neshyba, 1977; Josberger, 1979] assumes little or no salinity gradient in the surrounding water and focuses upon the boundary layer near the ice. The other work Turner, 1978, 1980; Huppert and Josberger, 1980] concentrates on the influences of vertical salinity (density) stratification.
Neshyba [1977] conjectured that adjacent to a melting ice wall there will be a turbulent boundary layer which entrains water from the environment. Considering a two-layer model of the ocean and using the criterion that entrainment is just sufficient to ensure that the density in the boundary layer at the surface equals the density of the upper layer, Neshyba calculates an entrainment ratio for the Weddell Sea of 60 to 1 (that is, for each unit of meltwater in the boundary layer there is entrained 60 units of surrounding water). Subsequently, Josberger and Neshyba [1980] placed concentrated rhodamine dye at 14-18 m depths along the sloping wall of an Arctic iceberg and found that it rose at =7 cm s -• to the surface next to the ice. Greisman [1979] considered the thermodynamics involved in the melting process and calculated the amount of heat required from the turbulent, entraining boundary layer to melt the ice. This lead to a minimum entrainment ratio e given by
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where L is the latent heat of fusion of ice, p• the density of fresh water, Cp the specific heat of seawater, AT the temperature excess of the far-field water over that at the ice wall, and poo the density of the far field, which is assumed to be independent of depth. By considering the mixture of fresh water and far-field water in the boundary layer, it followed that the density difference At> between the far field and the boundary layer is given by where dp/dz is the vertical density gradient before it loses its relative buoyancy and turns inward to form a series of layers. Greisman does not suggest a mechanism by which the layers could be formed.
Josberger conducted a series of carefully considered and analyzed experiments using vertical ice walls 1.2 m high melting into water at temperatures from -1 øC to +20øC at a uniform salinity of around 33%0. Appearance of the best-developed step structure on a station close to the EGT suggested that its formation might result from melting of ice into the salinity gradient. The validity of this hypothesis can be examined quantitatively by comparing the observed layer thicknesses with those predicted by (4).
The vertical density gradient due to salt can be evaluated by fitting a line of constant slope through the salinity profile of station 217. Orienting the line to connect a salinity of The equilibrium bottom profile of the EGT more nearly resembles a sloping ceiling than a vertical wall. The vertical scale of Figure 3 exaggerates the thickness gradient, which is at most about 1:40. We (H.E.H.) found that the flow due to an ice block sloping 45 ø in the laboratory tank was not essentially different from that produced by a vertical wall. This is because the scales are determined by the vertical displacement induced by cooling from the side and not the angle at which the cooling takes place. However, there may be a critical slope beyond which relatively less boundary layer meltwater rises and more is entrained into the layered structure.
Another difference between the field and laboratory measurements is that, with increasing depth in the water column, the CTD records are further from the presumed source of the steps. Since the steps (layers) are statically stable, vertical mixing within a layer will be greater than mixing between layers. Turbulent exchange of water across the discontinuities might result in more energetic layers growing at the expense of adjacent, less-energetic ones. At each 50 m depth interval down to the grounding line, observed layer thickness on station 217 is Since the steps on station 217 were not coherent over a wide area, we could infer that they coalesce fairly •apidly into thicker layers. We have observed 50 m and thicker homogeneous layers above and within the high-salinity shelf water in the Ross Sea. The thickest layers on station 217 were near the sea floor, where interactions could be expected between currems and bottom irregularities. There are shoals at several depths near the EGT (Figure 3) , and internal waves generated by tidal flow around these features [e.g., Farmer and Smith, 1980] could provide an energy source for mixing within the layers.
In the laboratory experiments of Huppert and Turner [1978] , ridging of the ice block was caused by differential melting associated with the layered convection. If the lower surface of the Glacier Tongue also has a stepped structure, it could result from the convective cells or from internal waves that propagate at the ocean density steps. Waves are particularly effective in eroding ice at the sea surface [Martin et al., 1978] . Greater turbulence where the internal waves impinge on the ice might increase the melting rate.
There are several reports of layered structure near melting glacial ice in the Arctic. Greisman [1979] Shallow melting will be curtailed in winter when the sea surface freezes. Deep melting will continue in winter [Robin, 1979] due to the effect of pressure on the melting point (T s in Figure 3 ) and to the lateral, subsurface inflow of warmer water as noted above. The Antarctic ice shelves and glaciers expose to seawater a basal area more than 2 orders of magnitude greater than the area of their vertical walls. In the Ross Sea and other continental margin areas we have investigated, there appears to be a supply of heat from the Circumpolar Deep Water to the sub-ice regime. Thus basal melting should have greater oceanographic and glaciological impacts than wall melting even if basal mass flux rates are somewhat lower.
In spite of adequate nutrients in the Antarctic Surface Water, phytoplankton growth is limited there by the short season of sufficient sunlight and by a surface layer that can be deeply mixed by winds and sea ice formation. In this nearly homogeneous environment, the melting of pack and glacial ice is no doubt biologically important. Enhanced stability of the shallower layers should limit the depth of mechanical mixing, thereby retaining a greater percentage of viable phytoplankton within the euphotic zone. 
